Purpose To assess safety and activity of neoadjuvant bevacizumab, capecitabine and standard radiotherapy in locally advanced rectal cancer as well as potential predictive biomarkers. Patients and methods The multicentric phase II study enrolled 43 patients who received bevacizumab infusion (5 mg/kg) every 2 weeks for 4 cycles; oral capecitabine at 825 mg/m 2 twice a day for 5.5 weeks with external-beam irradiation (50.4 Gy in 28 fractions over 5.5 weeks). We determined certain biomarkers before and after therapy for correlation with response.
Introduction
A number of studies and two meta-analyses demonstrated that in locally advanced rectal cancer (LARC) preoperative (neoadjuvant) radiation therapy significantly reduces the risk of local recurrence and cancer-specific mortality compared to surgery alone [1, 2] . The addition of fluorouracil to radiation therapy significantly increases the rate of pathologic complete response (ypCR) and local control versus radiotherapy alone [3, 4] and chemoradiotherapy is now the standard of neoadjuvant treatment of LARC. The NSABP-R-03 trial compared neoadjuvant versus adjuvant chemoradiotherapy in LARC and demonstrated a significantly improved 5-years disease-free survival (DFS) favoring preoperative therapy, but not showing an overall survival (OS) advantage [5] . The identification of more effective radiation sensitizers represents a topical area of research in such a field. The aim is to improve local control and the possibility of preservation of sphincter function with the hope, ultimately, to avoid the need of abdominalperineal resection and permanent colostomy, thus improving the quality of life of patients.
Capecitabine is an oral fluoropyrimidine preferentially converted to the active metabolite within tumor cells with higher affinity on the enzyme thymidine phosphorylase [6] . It also showed similar activity compared to infusional fluorouracil when combined with radiotherapy [7] .
Oxaliplatin is one of the most active single agents in the treatment of colorectal cancer and it is a potent radiosensitizing drug [8] . However, two recent controlled studies, the Prodiga 2-ACCORD 12/0405 trial and the STAR-01 trial did not demonstrate a statistically significant ypCR rate in the experimental arm with oxaliplatin compared to the standard fluoropyrimidine-based one [9, 10] . Therefore, there was not a real therapeutic progress by using chemotherapy in LARC during the last decade [11] .
Among the emerging strategies there are those based on the use of targeted therapies directed against the two more relevant targets in colorectal cancer, namely the epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF). Phase I-II studies tested cetuximab, an IgG 1 monoclonal antibody anti-EGFR in combination with chemotherapy and radiation therapy as neoadjuvant therapy in LARC [12] . However, in cohorts of unselected patients for K-ras cetuximab did not improve the ypCR rate [13] .
More attractive appear the treatments directed to block VEGF. Bevacizumab, the FDA approved anti-VEGF antibody, significantly improved OS in patients with metastatic colorectal cancer when combined with irinotecan-based chemotherapy as first-line therapy [14] . More recently, bevacizumab was tested in the adjuvant setting in two phase III randomized trials in association with oxaliplatinbased chemotherapy. However, both the NSABP C-08 and AVANT studies failed to demonstrate a significant benefit in term of DFS and OS of bevacizumab plus chemotherapy versus chemotherapy alone [15, 16] . Possible explanations for these discordant results in metastatic versus adjuvant settings may be related to the different schedules of chemotherapy used, the possible different biological context concerning the pattern of vascularity of primary tumors versus metastatic lesions and to the duration of administration of bevacizumab [15] .
The use of anti-VEGF therapy in LARC is supported by: (1) the radiosensibilization activity demonstrated in experimental models [17] and the in vivo antivascular effects shown in human LARC in the studies performed by Willet et al. [18, 19] .
Based on the above rationale it is presumed that LARC is characterized by different tumor biology as compared to radically resected early-stage colorectal cancer. Also the timing and dosing used of neoadjuvant bevacizumab may play a key role favoring its administration in this setting compared to the adjuvant one [15] .
We performed the present phase II study in a series of patients affected by LARC in order to verify the toxicity and efficacy of the neoadjuvant schedule of bevacizumabcapecitabine combined with concomitant radiation therapy and to study the role of certain biomarkers in assessing response and outcome of such a therapy.
For the translational study aimed to identify potential predictive biomarkers we evaluated biomarkers related to microvessel density (MVD) and expression of vascular endothelial growth factor receptor-2 (VEGFR-2) as parameters of angiogenesis, tumor associated macrophages (CD68 antibody) apoptosis (M30 antibody), cell kinetics (anti-Ki-67 labeling index), as well as anti-thymidine synthase (TS) and anti-thymidine phosphorylase (TP) being targets of fluoropyrimidines.
Patients and methods
The ML18522 study (NCT01227707; clinicaltrial.gov) was approved by the Ethics Committee at the San Filippo Neri Hospital of Rome and by all the other participating Institutions. Each patient gave his/her written informed consent before being accrued.
Eligibility criteria
Patients [18 years old with histopathologically confirmed rectal adenocarcinoma with the inferior margin within 16 cm from the anal verge as assessed by rectosigmoidoscopy. The tumor had to have evidence of T2 disease with positive locoregional lymph nodes or T3/T4 disease by endorectal ultrasound, computed tomography (CT) and magnetic resonance imaging of the pelvis. Further inclusion criteria were Eastern Cooperative Oncology Group (ECOG) performance status \2 and adequate hematologic, liver and renal functions (neutrophils C1.5 9 10 9 /l, platelet count C100 9 10 9 /l; total bilirubin concentration \1.5 9 the upper normal limit (UNL); liver transaminases or alkaline phosphatase concentrations \2.5 9 the UNL; serum creatinine B1.5 9 UNL or creatinine clearance [50 ml/min, urine dipstick of proteinuria\2 ? or B1 g of protein in 24 h urine).
Exclusion criteria
Metastatic disease, previous chemotherapy and/or radiation therapy and history of previous other cancers. Patients suffering from the following conditions were also ineligible: inflammatory bowel disease, malabsorption syndrome, uncontrolled hypertension, clinically significant cardiovascular disease (e.g. cerebrovascular stroke or myocardial infarction within 6 months), unstable angina, New York Heart Association (NYHA) grade II or greater congestive heart failure, cardiac arrhythmia requiring medication, bleeding diathesis or coagulopathy, assumption of anticoagulants and drugs known to predispose to gastrointestinal ulceration and psychiatric disorders or psychological disabilities thought to adversely affect treatment compliance. Patients who underwent major surgical procedure, open biopsy, or significant traumatic injury within 4 weeks prior to study treatment start were also excluded. Pregnant or lactating patients and women with childbearing potential who lacked effective contraception were excluded.
Pre-treatment evaluation
Complete history and physical examination with blood pressure, digital rectal examination, colonoscopy with tumor biopsy, endorectal ultrasound, CT and MRI of the pelvis, abdominal CT, and chest X-ray. Complete laboratory tests included full blood counts, blood electrolytes, creatinine, urea, liver transaminases, alkaline phosphatase, total and direct bilirubin, albumin, LDH, International Normalized Ratio (INR), activated partial thromboplastin time (APTT), urine test and dipstick proteinuria. Cardiac activity was investigated by electrocardiography.
Treatment

Radiotherapy
Radiation therapy was performed by conventional fractionation over a period of 5 weeks. The daily fraction dose was 1.8 Gy. A total dose of 45 Gy was given in five fractions per week over a period of 5 weeks. The treated volume included the macroscopic tumor and its potential extensions within the rectum, extending 6 cm above and 4 cm below the tumor margins and extended 3 cm laterally and antero-posteriorly around the macroscopic limits of the tumor, the mesorectum and the perirectal lymph nodes. The anus was not irradiated unless the tumor extended into the anal canal. All the patients received a total dose of 45 Gy in daily fractions of 1.8 Gy (days 1-5/week) calculated at the International Commission of Radiation Units reference point, at the intersection of the central axes of the three or four beams. A boost to the macroscopic tumor with a 2-cm peripheral margin was planned up to 50.4 Gy in further three fractions.
Bevacizumab and capecitabine
Bevacizumab was administered by intravenous infusion at the dose of 5 mg/kg every 2 weeks for 4 courses, with the first infusion given 2 weeks before the concurrent administration of capecitabine and radiation therapy.
Capecitabine was orally administered at the fixed dose of 825 mg/m 2 twice a day (interval about 12 h), within 30 min after the end of a meal, continuously for 5.5 weeks, starting from the first day of radiotherapy (days 1 ? 38). The first daily dose was administered approximately 2 h before RT, with the second dose administered 12 h later.
Patients were monitored biweekly regarding history, clinical examination with PS, blood count, INR/APTT and biochemistry, including liver function.
The National Cancer Institute Common Toxicity Criteria, version 3.0, was used to grade toxicity. The schedule of bevacizumab was modified in the event of Grade 2-3 of thrombotic, hemorrhagic, proteinuric, hypertensive and allergic adverse events, as pre-specified in details. The drug was withdrawn in the case a patient experienced Grade 4 toxicity, Grade 3 toxicity not resolved to Grade 1 within 4 weeks, arterial thromboembolic events or gastrointestinal perforation.
The doses of capecitabine were adjusted for adverse events. In brief, in case of capecitabine Grade C2 toxicity, the drug was interrupted and appropriate symptomatic treatment was administered. When the toxicity resolved to Grade 0-1, treatment was continued at 75% of the original dose in case of the first appearance of the respective toxicity and at 50% of the starting dose in case of the second appearance. In case of Grade 3 toxicity capecitabine was withheld until the toxicity resolved to Grade 0-1, and then continued at 75% of original dose. If radiotherapy caused local Grade C2 toxicity, it was withheld until toxicity resolved to Grade 0-1, and then restarted with prophylactic treatment. If the same Grade C2 toxicity recurred, treatment was withheld until the toxicity resolved to Grade 0-1 and the treatment was restarted if clinically necessary with a decreased dose or longer intervals in-between radiation, with a concomitant reduction of the chemotherapy schedule as detailed above. If toxicity required a dosing delay or interruption of all study drugs for more than 3 weeks, the patient was withdrawn from the study. If capecitabine has to be discontinued permanently due to toxicity, the patient will be allowed to continue only with bevacizumab. If bevacizumab had to be discontinued permanently due to toxicity, the patient will be allowed to continue only with capecitabine.
The relative dose intensity of bevacizumab, capecitabine and RT was calculated as the dose intensity divided by the planned dose intensity 9 100.
Surgery
Within 6-8 weeks after completion of neoadjuvant therapy and at least 6 weeks after the last dose of bevacizumab, surgery with total mesorectal excision was performed. Surgery was performed with curative intent with at least a minimal distance of 2 cm between the inferior and superior margin of the tumor and the limit of resection. Assessment of the intended surgical procedure (i.e. whether sphincter preservation was deemed possible or not) was performed by the treating surgeon before start of treatment. If adjacent organs were involved, intraoperative surgery was extended to partial or total resection of adjacent pelvic organs. Resection of metastatic sites evident during surgery was allowed.
Adjuvant chemotherapy
Four to 6 weeks after radical (R0) surgery all patients were candidate to receive adjuvant chemotherapy with bolus and infusional 5-fluouracil plus leucovorin (e.g. De Gramont regimen for 12 courses-6 months of treatment). Adjuvant treatment with bevacizumab (5 mg/m 2 every 14 days) was at the investigator's discretion.
Pathology
The extent of residual tumor in the resected specimen was classified according to the TNM staging system of the American Joint Committee on Cancer/International Union Against Cancer. Residual tumor area (RTA) and fibrosis after preoperative therapy were assessed based on the area of cancer and fibrosis, namely the cancer area/cancer area ? fibrosis area. Tumor necrosis area (TNA) was calculated as necrosis area/necrosis area ? fibrosis area and was semi-quantitatively evaluated according to a 5-point rectal cancer regression grading (tumor regression grade, TRG) suggested by Mandard et al. [20] . We used for statistical purpose the arbitrary cut-off of 15% of RTA to calculate the correlations with the biomarkers tested. A pathologic complete response was defined as the absence of viable tumor cells both in the primary tumor and lymph nodes Microvessel density was assessed by using two different antibodies: anti-CD31 and anti-CD34. The number of cells positive for CD68 and M30 were counted in five different high power fields (9400) and the average was used for scoring. The labeling index for Ki67 was calculated as the average of Ki67-positive cells/all cancer cells in five different high power fields. The intensity of the staining for VEGFR-2, TP and TS was evaluated separately in cancer cells and stromal cells by comparing the slides stained with immunohistochemistry and those with hematoxilin-eosin and it was estimated on a threetiered scale, encoded as 0 (absent), 1 (weak), 2 (strong). The score of staining intensity was evaluated by three independent pathologists (AY; YM; SN).
Statistical analysis
The primary end-point of the present phase II study was to determine the ypCR rate after neoadjuvant therapy. Secondary end-points included: toxicity, the safety profile of the neoadjuvant therapy, the sphincter-saving procedure rate, clinical tumor and lymph node regression rate, local control and the disease free survival (DFS). Simon's methods will be used to calculate the sample size. Considering the optimal two stage design for phase II study, with the difference p1 -p0 = 15% between ''standard'' chemo-radiation (p0 = 10%) and ''new therapy'' (p1 = 25%), and fixing error probabilities (a = 0.05 and b = 0.20), the total number of patients to be enrolled was 43. The Chi-square test and Fisher's exact test was used for qualitative parameters. Statistical differences within quantitative parameters was determined by Mann-Whitney's nonparametric test. DFS and local disease free survival (local control) were assessed by using the Kaplan and Meyer's method. Multivariate survival analysis was performed using Cox's proportional hazard ratio. Results were considered to be statistically significant when P \ 0.05 (two-sided). Pathological compete response, residual tumor, and tumor necrosis has been analyzed in association with DFS by using the Cox regression approach.
Correlation analysis was performed by the Pearson correlation coefficient and two unpaired groups were compared by the Student's T test. When the correlations between DFS and biomarkers were examined, the Log-rank test and the Cox regression approach were adopted.
Results
Patient characteristics
Forty-three patients have been enrolled at the seven Institutions involved in the study from December 2005 through May 2007. The main characteristics of the patients are listed in Table 1 . Three patients had cT4 disease (7%), 14 (32.6%) were staged cT3N0, four patients had cT2, N? disease (9.3%) and overall, radiological lymph node involvement was detected in 28 (65.1%) patients. A patient had unrecognized metastatic disease and died from progressive disease 14 days after the first dose of bevacizumab (2.3%) and two patients (4.6%) refused surgery. Forty (93%) patients were evaluable for response and 42 (97.7%) for toxicity. All the 43 patients were included in the intentto-treat analysis. Twenty-four (55.8%) of them received adjuvant chemotherapy.
Efficacy
Central histologic examination of post surgery specimens revealed no residual cancer both at the primary tumor (ypT0 or Mandard TRG 1) and in lymph nodes (ypN0) in 6 out of 43 patient (14% 95% CI 3.60-24.31%). In 22 (51.2%) patients a varying percentage of cancer cells in residual area of fibrosis or necrosis were found, corresponding to ypT1-3 or Mandard TRG 2 or 3. Seven (16.3%) of these patients had B10% of cancer cells in fibrosis/necrosis area ( Table 2) .
Resection with negative circumferential margins was achieved in 38 (95%) out of the 40 resected patients. A T-downstaging (the post-treatment migration of stage from initial T3/4 to ypT1-2) was observed in 15 (34.9%) patients. For 19 patients (44.2%) the T parameter remained stable. Of the 28 patients with imaging detectable lymph node disease at presentation, 16 (37.2%) had N-downstaging (no lymph node disease) post-treatment (Tables 2  and 3) .
Three patients (6.9%) developed distant metastases after the neoadjuvant treatment; two underwent surgery. Forty patients (93%) are alive at 16.7 months of median followup (range 14-780 days). Eight patients (18.6%) experienced relapse of disease; 5 (11.6%) with local recurrence only; three patients (7%) developed metastatic disease: one in the liver, one in the lung, and the last in both sites. Actuarial 3-years disease-free survival was 75.4% (pCR group 100%, non-pCR group 70.7%; Fig. 1 ). Sphinctersparing surgery was achieved in 31 patients (72.1%).
Safety
Most of the adverse events of the neoadjuvant treatment were mild (Grade 1/2; Table 4 ). There was no Grade 4 or 5 toxicity. Some of the patients experienced Grade 3 toxicities, including diarrhea (3 patients, 7.14%), neutropenia (2 patients), asthenia and hypokalemia (1 patients, respectively). Four (9.52%) patients permanently discontinued treatment due to G3 adverse events, which occurred during the last week of treatment. The most frequent sideeffects were: G1/2 diarrhea (12 patients; 28.56%), G1/2 proctitis/proctalgia (9 patients; 21.42%). Hand-foot syndrome (HFS) was mild and transient (only 1 patient with G2 HFS). Bevacizumab-related toxicity included: hypertension in 3 patients (7.14%; G1 = 1 patients; G2 = 2 patients), proteinuria in 1 patient (2.38%; G2), epistaxis in 1 patient (2.3%; G2). No major hemorrhages, thromboembolic events or perforation occurred. Overall 7 patients experienced serious adverse events, including the death of a patient with progressive disease. One patient died due bowel perforation before receiving adjuvant treatment (1 month after surgery, 81 days after the last dose of bevacizumab). Another patient presented failure to anastomosis (97 days after last bevacizumab) and a patient experienced postoperative abscess (75 days after bevacizumab). Two patients were admitted to hospital due to G3 hypokaliemia and myocardial ischemia, resolved with medical treatment. Only the latter patient was under adjuvant chemotherapy.
Biomarkers of response and prognosis
Biological correlations were performed on 27 biopsy specimens and 38 surgical specimens among the 40 patients evaluable for response with both biopsy and surgical adequate specimens available from 25 patients.
Relationship between biomarkers and clinical outcomes
No significant statistical correlation was observed between ypCR and any biomarker tested. By simple logistic regression model, pre-treatment levels of CD34-positive vessel density were associated with RTA. The patients having tumors with higher density of CD34-positive vessels as compared to those tumors with lower CD34-stained vessels were significantly associated with RTA less than 15% (P = .0358; Fig. 2 ). There was no correlation between treatment response and the pre-treatment levels of all the other markers including CD31-positive vessel density, VEGFR-2 expression both in tumor cells (P = .42) and stromal cells (P = .28), TP both in tumor cells (P = .70) and stroma (P = .47), TS both in tumor cells (P = .99) and stroma (P = .99), CD68 (P = .60) and M30 (P = .30).
When the correlations between DFS and biomarkers were examined by multiple regression model (log-rank test and Cox regression approach), no biomarker showed a statistically significant correlation with DFS.
When the association between post-treatment levels of each marker and RTA was examined, a statistically significant correlation between post-treatment Ki67 labeling indexes and levels of VEGFR-2 expression in cancer cells was found (P \ .0001 and P = .007, respectively; Figs. 3, 4) .
Relationship between pathological response and prognosis
The pathologic response (ypCR, residual tumor, and tumor necrosis) has been analyzed in association with DFS by using the Cox regression approach. Since no event was observed in the ypCR group, neither log-rank test nor the Cox regression analysis gave a result.
When the associations between DFS and RTA, or between DFS and TNA area was evaluated, there was a trend for a correlation between DFS and RTA by the Cox regression analysis (P = .12).
Discussion
The seminal translational study by Willet et al. [19] confirmed, for the first time, that bevacizumab exhibits antivascular effects in human rectal cancer by decreasing tumor blood perfusion, microvessel density, the interstitial ypT0  ypT1  yPT2  ypT3  ypT4  ypN0  ypN1  ypN2   cT2  4  1  0  2  1  0  ---cT3  33  5  2  13  13  0  ---cT4  2  0  0  0  2  0  ---cTx  1  0  0  0  1  0   cN0  14  -----12  2  0   cN?  2 5  -----1 8  5  2   cNx  1  -----1   Total  40/43  6  2  15 fluid pressure and the number of circulating endothelial cells, all these parameters being associated with tumor stabilization or regression.
A second phase I-II study was performed by Willet et al. [20] to assess the safety and efficacy of neoadjuvant bevacizumab with standard chemoradiotherapy in a cohort of 32 patients with LARC. The Authors demonstrated that all the patients achieved some degree of local response and a ypCR in 5 cases (16%). All the patients underwent a RO resection [20] . When the Authors correlated the changes in biomarkers with treatment outcome they found that VEG-FR-1 pretreatment inversely correlated with tumor regression and that circulating VEGF and IL-6 levels predicted enhanced efficacy of the combined therapy.
In the present study histologic examination of postsurgical specimens revealed no residual disease in both the primary tumor and perirectal lymph nodes in 6 of 43 patients. A low percentage of cancer cells was found in the residual area of fibrosis or necrosis in 22 patients (51.2%), corresponding to ypT [1] [2] [3] or Mandard classification TRG 2 or 3, with 7 cases (16.3%) among these patients with B15% of cancer cells in fibrosis/necrosis area. During the followup 8 patients experienced recurrent disease, 5 of whom with local relapse alone. Sphincter-sparing surgery was achieved in 31 cases (72.1%). Regarding safety, most of Fig. 2 Using the cut-off value of 15% for residual tumor area, the patients with values \15% showed a statistically significant higher CD-34 vessel staining the adverse side effects of the combined neoadjuvant therapy were mild with only 5 patients who experienced Grade 3 toxicity (diarrhea, neutropenia, and hypokalemia). Similar results have been recently reported by Velenik et al. [21] and by Crane et al. [22] in a small cohort of 25 patients by using a slightly higher dosage of capecitabine and the same schedule of bevacizumab and radiation therapy as in our study. Furthermore, comparable ypCR rates have been obtained in a phase I dose-escalation study by Czito et al. [23] and by Kennecke et al. [24] in a phase II trial, where concurrent oxaliplatin, capecitabine and bevacizumab combined with radiation therapy were evaluated.
Noguè et al. [25] reported the results of a neoadjuvant phase II study with four cycles of oxaliplatin, capecitabine (XELOX regimen) and bevacizumab followed by capecitabine, bevacizumab and concomitant radiation therapy. Using the above intensive therapy the Authors reported a ypCR rate of 36% in 45 evaluable patients.
In a subset of 27 cases we obtained sufficient pre-and post-treatment pathologic material to perform correlations between the biomarkers tested and the efficacy of combined therapy. We used the two panendothelial markers CD31 and CD34 because human vascular endothelium is antigenically heterogeneous [26] and each antibody gives different staining information. In particular, CD31 is a glycoprotein expressed during the differentiation of myelomonocitic cells which is identical to the PECAM-1 molecule present in endothelial cells of blood capillaries and lymphatic microvessels. It is preferentially detected within intercapillary junctions. The expression of CD34, recognizing a transmembrane glycoprotein of 115 kD, is mostly confined to abluminal endothelium microprocesses and may indicate early endothelial cell sprouting and migration [27] . No statistically significant correlation was observed between ypCR and any biomarker tested. Pretreatment levels of CD34 vessel density were significantly associated to RTA. The patients with RTA B15% showed higher density of CD34-positive vessels as compared to those with larger RTA (P = .0358), suggesting that the more vascularized tumors positive for CD34 staining responded better to neoadjuvant treatment. On the contrary, MVD assessed by using the anti-CD31 antibody was not statistically associated to RTA. These different results may be explained by the diverse sensitivity and specificity of the two panendothelial markers used in the identification of endothelial cells within tumor microvessels [28] .
We further analyzed the correlation of post-treatment biomarkers and RTA. A significant correlation was observed of Ki-67 labeling index and RTA (P \ .0001) in agreement with the results by Jacob et al. [29] . It appears plausible that the persistence of a fraction of high-proliferative cells in a larger RTA might be representative of resistant clones of cells and therefore, of a more aggressive phenotype. However, a longer follow up is needed to demonstrate whether the persistence of a variable percentage of high-proliferative cells influences or not either local relapse rate or survival of patients. Furthermore, low levels of VEGFR-2 expression in cancer cells after therapy were associated to RTA (P = .007). Zlobec et al. [30] in a cohort of 104 patients with LARC treated with preoperative radiotherapy alone found that the combined analysis of VEGF and EGFR was predictive of ypCR, with the subgroup of cases with VEGF-positive and EGFR-negative tumors being unresponsive to radiation therapy. However, in such a translational study no patient was treated with bevacizumab.
We assessed tumor associated macrophages (TAMs) because of their role in tumor angiogenesis and sensitivity to anticancer treatments [31] . Steidl et al. [32] suggested that the expression of CD68, a pan-macrophages endosomal glycoprotein, is the best biomarker for macrophages. In our study no association between CD68 stained cells and outcome was demonstrated. This may be due to the complex functions of TAMs that comprise phenotypically and functionally different cell subsets in human cancers. In fact, there is in literature conflicting evidence on the correlation of macrophage numbers with response to treatments and prognosis in different tumor types [33] . Furthermore, we evaluated apoptosis using the M30 antibody and we did not observe a significant association of M30 staining with treatment response. However, this negative result may be attributable to the limited number of cases evaluated.
Kocakoya et al. [34] demonstrated in a cohort of 55 patients affected by LARC and treated with neoadjuvant capecitabine and radiotherapy that TP and TS mRNA were induced by therapy in both responders and non-responders. In our study both TP and TS were not predictive of responsiveness in accordance with the study performed by Boskos et al. [35] in patients with LARC treated with preoperative capecitabine and radiotherapy.
In conclusion, the results of this single-arm phase II study show that such a schedule is active and safe. However, the measures of response did not suggest that bevacizumab adds significant improvement of ypCR rate or the long-term local control over standard neoadjuvant fluoropyrimidine-RT schedules.
A number of open questions remain to be elucidated on the optimal use of antiangiogenic agents in combination with chemotherapy and radiation therapy, in particular regarding the optimal timing of delivery of bevacizumab and the key problem to identify predictive biomarkers of activity capable to select the subgroup of patients who are more likely to gain benefit of antiangiogenic therapy [36] . Long-term follow-up studies regarding the impact of such a therapeutic strategy on DFS and OS and regarding sub-acute, or chronic morbidity of neoadjuvant bevacizumab are needed. Finally, the analysis of the predictive biomarkers tested in our study, by using low-cost and feasible methods, did not reveal any significant association with ypCR.
